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Abstract
Background: Clinical interpretation of genetic test results is complicated by var-
iants of uncertain significance (VUS) that have an unknown impact on health but 
can be clarified through reclassification. There is little empirical evidence regard-
ing VUS reclassification in oncology care settings, including the prevalence and 
outcomes of reclassification, and racial/ethnic differences.
Methods: This was a retrospective analysis of persons with and without a per-
sonal history of cancer carrying VUS (with or without an accompanying patho-
genic or likely pathogenic [P/LP] variant) in breast, ovarian, and colorectal cancer 
predisposition genes seen at four cancer care settings (in Texas, Florida, Ohio, 
and New Jersey) between 2013 and 2019.
Results: In 2715 individuals included in the study, 3261 VUS and 313 P/LP 
variants were reported; 8.1% of all individuals with VUS experienced reclassifi-
cations and rates varied significantly among cancer care settings from 4.81% to 
20.19% (overall p < 0.001). Compared to their prevalence in the overall sample, 
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1   |   INTRODUCTION

Clinical interpretation of genetic test results is increas-
ingly complicated by variants of uncertain significance 
(VUS)1 that have an unknown impact on health. Over half 
of all interpreted variants are VUS2 with reported frequen-
cies in large cohorts ranging from 10% to 41% when testing 
is done using large multigene panels.3–6 Reclassification 
can clarify a variant's clinical significance and is increas-
ingly facilitated by the availability of updated information 
about normal human genomic diversity, especially among 
underrepresented minority populations. Reclassification 
of genetic variants is now a routine occurrence in ge-
nomic medicine as the field accumulates epidemiological, 
clinical, and functional evidence to enable variant reinter-
pretation. While all types of variants have the potential to 
undergo reclassification, VUS must be reinterpreted to be 
clinically meaningful. Patients whose test results indicate 
a VUS are typically not advised to alter risk management 
or clinical care based on their genetic test result, and the 
potential for reclassification is routinely discussed during 
genetic counseling. Although reclassified VUS are preva-
lent and have the potential to change clinical management, 
relatively little is known about the clinical experiences of 
returning reclassified VUS results in oncology and their 
subsequent impact on patients' care management.

Variants can undergo reclassification either over time 
as enough people carrying that specific variant under-
goes genetic testing or through purposeful variant reclas-
sification efforts. The majority of VUS are reclassified or 
downgraded, to benign or likely benign variants (B/LB), 
while a smaller proportion is upgraded to pathogenic or 
likely pathogenic variants (P/LP) that can change clinical 
management. VUS reclassification rates can vary based 
on a number of factors including patient characteristics 

such as ancestry7 and differences in variant reinterpreta-
tion policies of genetic testing laboratories.8 Number of 
family members with phenotypic disease,9 and year of 
initial genetic testing (pre or post-2015 American College 
of Medical Genomics guideline issuance1) have also been 
reported as additional factors associated with higher re-
classification rates.

Recontacting patients with reclassified variants is a 
process challenged by logistical issues (e.g., when and 
who should initiate reinterpretation, length of time from 
initial genetic testing to reclassification) as well as ethi-
cal issues (e.g., duty to reinterpret, recontact, extent and 
duration of these duties) that have been debated exten-
sively.10,11 Real-world data on clinical experiences of VUS 
reclassification may help facilitate a consensus on these 
contentious issues. Clinical oncology also faces unique 
challenges around variant reclassification as patients may 
undergo genetic testing in a setting other than where they 
receive cancer care. In such cases, providers who ordered 
the genetic testing rather than oncology care providers 
would be notified of variant reclassifications, thus any 
new finding may not be included in clinical decision-
making regarding cancer care or management. Tertiary 
cancer hospitals in particular treat patients from all over 
the world, often without coordinated care between on-
cologists and primary care providers, which presents a 
challenge for returning reclassified results that often take 
years to be interpreted.

There is insufficient empirical evidence regarding VUS 
reclassification in oncology care settings, including the 
prevalence and outcomes of reclassification, racial and eth-
nic differences, and the proportion of patients who change 
their medical management as a result of VUS reclassifica-
tion. Such data are critical to developing evidence-based 
guidelines and standards for returning reclassified results. 

reclassification rates for Black individuals were higher (13.6% vs. 19.0%), whereas 
the rates for Asian individuals were lower (6.3% vs. 3.5%) and rates for White and 
Hispanic individuals were proportional. Two-year prevalence of VUS reclassifi-
cation remained steady between 2014 and 2019. Overall, 11.3% of all reclassified 
VUS resulted in clinically actionable findings and 4.6% subsequently changed in-
dividuals' clinical managements.
Conclusions: The findings from this large multisite study suggest that VUS re-
classification alters clinical management, has implications for precision cancer 
prevention, and highlights the need for implementing practices and solutions for 
efficiently returning reinterpreted genetic test results.

K E Y W O R D S

cancer, clinical management, hereditary, variant of uncertain significance, variant 
reclassification
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The existing literature on variant reclassification report 
reclassification experiences of major commercial labora-
tories, and the evidence from clinical settings is limited by 
their small sample sizes, inclusion of data from single in-
stitutions, and a lack of focus on VUS reclassification. To 
address this gap, we examined the prevalence and clinical 
impact of VUS reclassification across several years in four 
geographically dispersed cancer care settings.

2   |   METHODS

2.1  |  Study population

Patients who underwent genetic counseling at four U.S. 
cancer care settings during specified time periods were 
included in this study. Sites were MD Anderson Cancer 
Center in Houston, Texas (2013–2019), and three mem-
ber institutions from the MD Anderson Cancer Network 
(https://www.mdand​erson.org/about​-md-ander​son/
our-locat​ions/md-ander​son-cance​r-netwo​rk.html) in-
cluding Cooper University Health Care in Camden, New 
Jersey (2013–2018), Baptist Health System in Jacksonville, 
Florida (2014–2018), and OhioHealth in Columbus, Ohio 
(2014–2018). These four geographically dispersed insti-
tutions represent unique health care systems and differ 
in many ways from MD Anderson as well as from each 
other.12 MD Anderson is a comprehensive cancer center 
with a patient population from across the United States 
and the world, the three network sites provide cancer care 
as a component of their health care system and serve pa-
tients from their city and region. Importantly, all sites em-
ploy cancer genetic counselors who ensure the availability 
of on-site genetic counseling services per the Commission 
on Cancer accreditation requirement. Overall, genetic 
counseling practices (e.g., EMR documentation, referral, 
scheduling, genetic testing) are comparable across sites 
with some individual level practice variations with regard 
to gene panels ordered, laboratory used for testing.

This study included all adult individuals (age 18 years 
or older) who had a VUS (with or without an accompa-
nying P/LP variant) in a breast, ovarian or colorectal 
cancer susceptibility gene. Patients were first identified 
using prospective clinical databases maintained at the 
four study sites that included individuals who underwent 
testing for a single gene, multiple genes, or both (if they 
had more that one of these tests). A retrospective medical 
record review was performed for all patients with a waiver 
of written informed consent and approval from the insti-
tutional review boards of all four participating institutions 
(PA19-0403). Data collection time periods varied across 
intuitions based on the availability of prospective clinical 
databases that enabled the identification of patients who 

had undergone genetic counseling and was limited to 
2019 or earlier to allow sufficient time for variant reclassi-
fication to occur.

2.2  |  Data collection

Demographic (race/ethnicity, sex, age) and clinical (can-
cer status, date of cancer diagnosis) data were extracted 
from the clinical databases and electronic medical records 
(EMRs). In order to focus on hereditary breast, ovarian, 
and colorectal cancers, we considered VUS detected in 
the following breast- ovarian-, and colorectal-cancer-
associated genes: APC, ATM, AXIN2, BRCA1, BRCA2, 
BMPR1A, BRIP1, CHEK2, CDH1, EPCAM, MLH1, MSH2, 
MSH3, MSH6, MUTYH, NBN, NF1, NTHL1, POLD1, 
POLE, PALB2, PMS2, PTEN, RAD51C, RAD51D, SMAD4, 
STK11, and TP53. Patients who only had a P/LP variant, 
without an accompanying VUS were excluded from this 
analysis. For patients who received an amended report, 
details associated with variant reclassification (upgrades 
and downgrades), date of initial genetic testing, and length 
of time for reclassification were recorded. Data on clinical 
management following variant reclassification associated 
with the gene of interest were also collected including sur-
gical decisions and cancer surveillance. Charts were re-
viewed between January and August 2021.

2.3  |  Data analysis

We summarized demographic (age, sex, self-reported race/
ethnicity), clinical characteristics (personal history of can-
cer) as mean (SD) or number (percentage). Time to VUS 
reclassification was defined as the interval from the date of 
initial genetic testing to the date of issue of an amended ge-
netic test report. For each year of initial genetic testing, we 
calculated the proportion of VUS reclassified within follow-
ing 2-year time period as we had at least 2 years of follow-up 
on all individuals, We performed Chi-square test for differ-
ences in proportions. The statistical significance level was 
set at α = 0.05. We used R software (Version 3.4.4) for all 
statistical analyses.

3   |   RESULTS

A total of 3301 patients with non-negative genetic test 
results in hereditary breast, ovarian or colorectal cancer 
genes were identified from the study sites. Ninety-nine 
patients were not included in the analysis as they did not 
have a VUS in one of the defined cancer susceptibility 
genes. An additional 645 patients were excluded as they 

https://www.mdanderson.org/about-md-anderson/our-locations/md-anderson-cancer-network.html
https://www.mdanderson.org/about-md-anderson/our-locations/md-anderson-cancer-network.html
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only had a P/LP variant, and 40 patients had inaccessible 
medical records, leaving 2715 patients in the final analytic 
sample. Table 1 shows the sociodemographic and clinical 
characteristics of patients included in the study. Of all pa-
tients, 11.0% (300/2715) had a P/LP variant in addition to 
a VUS. A total of 3261 VUS and 313 P/LP variants were 
reported across all individuals (Table S1).

Of the 2715 patients with VUS results, 8.1% (220/2715) 
experienced reclassifications including both upgrades and 
downgrades. As shown in Table 2, of 3261 unique variants 
initially classified as uncertain, 7.36% (240/3261) were 
reclassified: 88.7% were downgraded from VUS to B/LB, 
whereas 11.3% were upgraded to P/LP variants. P/LP vari-
ants accompanying VUS were reclassified less commonly 
(2.23%) but most reclassifications were upgrades from LP 
to P. Some variants were reclassified more than once and 
many patients experienced multiple variant reclassifica-
tions. Variant reclassification rates varied significantly 
among study sites with the lowest rate of 4.81% reported at 
MD Anderson, with higher but comparable rates of 7.54% 
and 8.92% at OhioHealth and Baptist, and the highest rate 

of 20.19% reported at Cooper (overall p < 0.001). Of note, 
the two sites with the higher reclassification rates also 
had a slightly higher proportion of Black individuals and 
nearly a quarter had no personal history of cancer.

Figure 1 shows the VUS reclassification pattern across 
genes and suggests that VUS in most genes underwent 
reclassification at a rate proportional to their prevalence 
in the overall sample with few exceptions (e.g., ATM and 
BRCA1). VUS reclassifications occurred most in ATM, 
BRCA2, BRCA1, and CHEK2 with only VUS downgrades 
reported in some genes. Figure  2 shows VUS reclassifi-
cation rates by patient race/ethnicity and illustrates that 
VUS reclassification rates for Blacks were higher com-
pared to their prevalence in the sample (19.0% vs. 13.6%), 
whereas the rates for Asians were lower (3.5% vs. 6.3%) 
and reclassification rates for Whites and Hispanics where 
proportional to their prevalence in the overall sample.

Figure  3 shows the 2-year prevalence of VUS reclas-
sification as a function of the year the initial VUS was 
reported. Between 2014 and 2019, proportion of VUS 
reclassified within 2 years of reporting remained steady 

T A B L E  1   Characteristics individuals with variant of uncertain significance (VUS) across three to four study sites (N = 2715)

Variable Category

Cooper
MD 
Anderson OhioHealth Baptist Total

n = 515 (%) n = 1685 (%) n = 358 (%) n = 157 (%) N = 2715 (%)

Date of genetic counseling 2013–2018 2013–2019 2014–2018 2014–2018 2013–2019

Sex Female 497 (96.50) 1392 (82.61) 337 (94.13) 147 (93.63) 2373 (87.40)

Male 36 (6.99) 293 (17.39) 21 (5.87) 10 (6.37) 360 (13.26)

Race/Ethnicity NH Asian 17 (3.30) 138 (8.19) 13 (3.63) 3 (1.91) 171 (6.30)

Hispanic or Latino 44 (8.54) 252 (14.96) 4 (1.12) 0 (0.00) 300 (11.05)

NH Black 90 (17.48) 206 (12.23) 42 (11.73) 31 (19.75) 369 (13.59)

NH White 349 (67.77) 1039 (61.66) 291 (81.28) 118 (75.16) 1797 (66.19)

Other 11 (2.14) 17 (1.01) 2 (0.56) 5 (3.18) 35 (1.29)

Unknown 4 (0.78) 33 (1.96) 6 (1.68) 0 (0.00) 43 (1.58)

Personal history of cancer Breast 270 (52.43) 820 (48.66) 260 (72.63) 80 (50.96) 1350 (49.72)

Ovarian 15 (2.91) 123 (7.30) 24 (6.70) 19 (12.1) 162 (5.97)

Colorectal 9 (1.75) 138 (8.19) 21 (5.87) 6 (3.82) 168 (6.19)

Other 94 (18.25) 525 (31.16) 31 (8.66) 8 (5.1) 650 (23.94)

Unaffected 127 (24.66) 79 (4.69) 22 (6.15) 44 (28.03) 228 (8.40)

Genetic testing year 2002–2009 2 (0.39) 12 (0.71) 0 (0.00) 0 (0.00) 14 (0.52)

2010–2012 0 (0.00) 12 (0.71) 0 (0.00) 1 (0.64) 13 (0.48)

2013–2015 93 (18.06) 273 (16.20) 44 (12.29) 4 (2.55) 414 (15.25)

2016–2018 401 (77.86) 919 (54.54) 304 (84.92) 151 (96.18) 1775 (65.38)

2019–2020 18 (3.50) 464 (27.54) 10 (2.79) 1 (0.64) 493 (18.16)

Test result type VUS only 458 (88.93) 1493 (88.61) 320 (89.39) 144 (91.72) 2415 (88.95)

VUS + P/LP 57 (11.07) 192 (11.39) 38 (10.61) 13 (8.28) 300 (11.05)

Variant reclassification 104 (20.19) 81 (4.81) 27 (7.54) 14 (8.92) 226 (8.32)
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overall with approximately 3–4.5% of VUS reclassifica-
tions per 2-year period. Unadjusted median time to VUS 
reclassification decreased steadily between 2014 and 2019 
from 3.08 years to 0.91 years (data not shown).

Overall, 11.3% of all reclassified VUS were clinically 
actionable and 4.6% subsequently changed patients' clin-
ical managements. In total, 27 VUS were upgraded to  
P/LP variants in one of the following genes: ATM, BARD1, 
BRCA1, BRCA2, CHEK2, MLH1, MSH2, MUTYH, NBN, 
PTEN, RAD51C, RAD51D, and TP53 (Table 3). For 12 pa-
tients, medical management recommendations were al-
tered in response to VUS reclassification by starting more 
intensive screening regimens (mammography, breast 
MRI, colonoscopy, etc.) or undergoing risk-reducing 
surgeries including bilateral mastectomy or bilateral 
salpingo-oophorectomy. Of the remaining 15 patients, 

eight had previously undertaken the risk management 
as indicated by VUS reclassification, two patients insuf-
ficient follow-up time after reclassification to assess any 
management change, two patients passed away before 
variant reclassification, and clinical data were not avail-
able for three patients.

Experience with re-contacting patients upon variant 
reclassification is difficult to systematically ascertain 
using EMR data as not all experiences of returning results 
are documented, however genetic counseling summary 
notes offer some insight into the process. Anecdotally, two 
patients were informed of their reclassifications three or 
more years after variant reclassification as the laboratory 
had sent the amended report to the ordering provider who 
had never informed the patient of these reclassifications. 
For patients who died before reclassification or stopped 
getting care at the hospital, either their family members 
were informed, or a note was left in their EMR.

4   |   DISCUSSION

In this multisite study of 2715 patients with VUS in breast, 
ovarian, and colorectal cancer susceptibility genes, reclas-
sification changed the clinical management for at least 
0.4% of all patients. Of all the reclassified VUS, the ma-
jority were downgraded, however, 11.3% were upgraded 
and thus clinically actionable. A subset of patients with 

T A B L E  2   Variant reclassifications by type

No. Unique Variants (n = 3574)

P/LP VUS Total

No. Initially detected 313 3261 3574

No. Reclassified (%)a 7 (2.23) 240 (7.36) 247 (6.91)

Upgraded (%) 5 (71.4) 27 (11.3) 32 (12.9)

Downgraded (%) 2 (28.6) 213 (88.7) 215 (87.1)
aSome underwent both upgrade and downgrade; Variant reclassifications 
were defined as downgrades if the variant was reclassified from P/LP to 
VUS, P to LP, or from VUS to B/LB, and upgrades if the convserse happened.

F I G U R E  1   Number of reclassified unique variants of uncertain significance (VUS) by gene as a function of the total number of VUS. 
The number of unique VUS is shown on the right axis and that number of reclassifications are on the left axis.
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upgraded variants had previously undertaken risk man-
agement recommendations associated with the change in 
variant reclassification, and some were unevaluable, how-
ever, 4.6% of reclassified VUS resulted in altered clinical 
management for persons with and without a personal his-
tory of cancer. This demonstrates that it is not uncommon 
for VUS reclassification to alter the clinical management 
and highlights the need for standardized clinical practice 
guidelines and policies for returning reclassified VUS re-
sults to patients.

Overall variant and VUS reclassification rates reported 
in this study were 6.91% and 7.36% respectively. A range of 
VUS reclassification rates have been previously reported in 
literature which have ranged between 8 and 28% in reports 
from clinical cancer care settings,7,9,13–15 and anywhere 
between 6.9 and 66% in studies that report results from 
purposeful variant reclassification efforts,16 and 24.9% in 

one report from a commercial laboratory.17 Our results 
are consistent with results from other hospitals and ge-
netic testing laboratories. Our study has the advantage of 
including patients from multiple cancer care sites across 
four U.S. states, and inclusion of a highly actionable set 
of cancer susceptibility genes compared to prior publica-
tions that often only include broad spectrums of less well-
understood genes from single cancer care settings.

We report significant variation in VUS reclassifica-
tion rates among the four cancer care settings (from 
4.8% to 20.2%) which is a novel addition to the literature. 
Although these reclassification rates are within the ranges 
previously reported in literature,7,13–15 the underlying 
reason for this variation remains unclear. We believe, the 
most plausible explanation is the variation in racial/eth-
nic characteristics of patients seen across the four sites. It 
is unlikely that personal history of cancer contributes to 

F I G U R E  2   No of patients with 
VUS reclassifications by race/ethnicity 
compared to their number in the total 
sample.
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T A B L E  3   Details of clinically actionable VUS reclassifications and resulting management change

Patient No
Variant 
reclassification Management change Sex Race

Cancer 
Diagnosis

Patient 1 CHEK2 (VUS to LP) Yes, began high risk screening using breast MRI F White Unaffected

Patient 2 BRCA2 (VUS to LP) Yes, underwent BLM and RRSO F White Breast

Patient 3 BRCA2 (VUS to LP) Yes, began mammography F White Breast

Patient 4 CHEK2 (VUS to LP) Yes, began high risk screening for breast and 
ovarian cancers

F White Breast

Patient 5 CHEK2 (VUS to LP) Yes, began frequent colonoscopy per NCCN 
guidelines for CHEK2

F White Breast

Patient 6 BRCA1 (VUS to LP) Yes, BLM in past; RRSO not covered by insurance; 
OC screening being performed now

F Hispanic or 
Latino

Breast

Patient 7 PTEN (VUS to P) Yes, undergoing breast MRI post reclass; Not 
interested in prophylactic mastectomy

F Hispanic or 
Latino

Colon

Patient 8 CHEK2 (VUS to P) Yes, began breast MRI; Already had lumpectomy, 
Not interested in prophylactic mastectomy

F White Breast

Patient 9 BRCA1 (VUS to LP) Yes, underwent BLM after VUS upgrade F White Breast

Patient 10 CHEK2 (VUS to LP) Yes, more frequent breast cancer screening F White Breast

Patient 11 ATM (VUS to LP) Yes, underwent BLM F White Breast

Patient 12 BRCA1 (VUS to LP) Yes, began frequent mammography F Black Breast

Patient 13 RAD51D (VUS to P) No, previously underwent TAH/BSO for fallopian 
tube cancer

F White Fallopian tube

Patient 14 CHEK2 (VUS to LP) No, previously underwent left mastectomy due to 
cancer

M White Breast

Patient 15 BRCA2 (VUS to LP) No. Already post BLM and BSO as VUS classified 
as LP at a different lab

F White None

Patient 16 CHEK2 (VUS to LP) No. Mastectomy previously due to cancer and 
undergoing annual mammography (no MRI) 
at time of upgrade

F White Breast

Patient 17 TP53 (VUS to LP) No, previously underwent BLM; part of 
screening study for other cancers from before 
reclassification

F White Leukemia

Patient 18 BRCA2 (VUS to LP) No, previously underwent BSO; not interested in 
BLM; breast MRI planned but none performed 
yet

F Black Unaffected

Patient 19 MLH1 (VUS to LP) No, already underwent TAHBSO F Other Breast

Patient 20 MUTYH (VUS to LP) No, undergoing colonoscopies every 5 years at 
time of upgrade

M White Unaffected

Patient 21 ATM (VUS to LP) No, previously underwent BLM and TLH BSO F White Breast

Patient 22 MSH2 (VUS to LP) No, surgical colectomy in past; plans for more 
frequent colonoscopy but not enough time 
since reclassification

M White Sarcoma

Patient 23 RAD51C (VUS to LP) NA, already underwent TAHBSO due to OC; 
deceased before upgrade

F White Ovary

Patient 24 NBN (VUS to P) NA, Patient deceased before upgrade M White Pancreas

Patient 25 CHEK2 (VUS to LP) Unknown, no follow-up data after reclassification F Hispanic or 
Latino

Breast

Patient 26 BARD1 (VUS to LP) Unknown, no follow-up data after reclassification F White Unknown

Patient 27 TP53 (VUS to LP) Unknown, no follow-up data after reclassification M Other Unaffected

Abbreviations: BC, breast cancer; BLM, bilateral mastectomy; MRI, magnetic resonance imaging; OC, ovarian cancer; TAHBSO, total abdominal hysterectomy 
bilateral salpingo oophorectomy; VUS, variant of uncertain significance; Sites 1, 2, 3, and 4 refer to Baptist, Cooper, MD Anderson, and OhioHealth 
respectively.
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VUS reclassification as all individuals have enough family 
history of cancer to trigger genetic testing and thus vari-
ant interpretation, however, unaffected individuals may 
be younger and have more dynamic family history which 
may affect reclassification. Eligible genes for inclusion in 
this study were limited to those associated with breast, 
ovarian, and colorectal cancer susceptibility, however, less 
well-understood genes that are more likely to undergo re-
classification were included in some genetic testing pan-
els. As shown in Figure 1, these other genes were a very 
small proportion of the overall sample and likely had lim-
ited impact on the observed variation in reclassification 
rates across sites. Although there was some variation in 
years of initial genetic testing across sites, most testing 
occurred after issuance of 2015 ACMG guidelines for vari-
ant reclassification. All study sites used a common set of 
commercial genetic testing laboratories and none used 
in-house academic laboratory. Although data on specific 
laboratories were not assessed in this study, it could have 
contributed to the variation in reclassification across sites 
as they are known to have different variant reclassification 
policies.8

Racial differences in VUS reclassification have been re-
ported previously with markedly higher with reclassifica-
tion rates in Asians (38–45%),18–20 and some indication of 
variation in reclassification rates by ancestry.7 Although, 
our study confirms reports of variation in VUS reclassi-
fication rates by ancestry, we find that compared to the 
prevalence of VUS in the overall sample, VUS reclassifica-
tion rates are lower among Asians, higher among Blacks, 
and proportional among NH Whites and Hispanics. 
Although the exact reason for the racial/ethnic differences 
is unclear, it may be explained in part by the availability 
of updated information about normal human genomic di-
versity, especially among underrepresented minority pop-
ulations. Specific variant level exploration to understand 
the evidence base that resulted in these reclassifications is 
warranted. An ongoing concern in cancer genetics is the 
disproportionally high VUS rates among racial minori-
ties21 combined with limited confidence that oncologists 
have with interpreting and correctly managing patients 
with VUS.22,23 VUS reclassification is a clear way to alle-
viate this concern and the encouraging rate of VUS re-
classification for Black individuals in this study suggests 
progress. Going forward, it will be important to address 
the continued underrepresentation of racial minorities in 
genomic research to solve the VUS problem as broader ge-
netic testing becomes commonplace in oncology practice.

Two-year prevalence of VUS reclassification in this 
study remained stable between 2014 and 2019. Unadjusted 
time to reclassification decreased over the years to 
0.91 years for a VUS initially detected in 2019 which is 
similar to times previously reported in literature15,17 but 

only reflects the inherent right censored nature of the 
data. In contrast to previous publications with consid-
erable length-biased data on time-to-reclassification, 
we report a 2-year prevalence of VUS reclassification to 
more accurately estimate the right-censored time to VUS 
reclassification. Studies with longer follow-up time from 
contemporary clinical cohorts are needed to better under-
stand the burden of VUS reclassification that clinicians 
face.

Anecdotal reports of recontacting patients with re-
classified VUS from this study not only exemplify long-
standing ethical and logistical issues around variant and 
VUS reclassification10 but they also represent unique 
challenges that cancer care settings face around this in-
creasingly common phenomena. The economic consider-
ations are particularly salient for patient management as 
reinterpretation may result in dramatic impacts on health-
care utilization patterns, quality of life of index patients as 
well as their relatives. Payment and reimbursement pol-
icies for care resulting from reclassified variants remain 
underdeveloped and there is a need for specific guidance 
for clinical providers. Insofar as clinical actionability, pre-
ventability, treatability, and severity of disease motivate ef-
forts to recontact patients with reinterpreted variants, the 
genes investigated in this study represent those with com-
pelling indications for recontacting. Yet, lapses in timely 
recontact occurred which underscores the need for imple-
menting practices and solutions for efficiently returning 
reinterpreted genetic test results.

Secondary cancer prevention through screening and 
early detection including mammography, breast MRI, 
and colonoscopy as well as prophylactic surgeries such 
as mastectomy were observed in among those with VUS 
upgrades in this study. This demonstrates the clinical 
utility of VUS reclassification for individuals both with 
and without a personal history of cancer. Reclassification 
from P, LP, or VUS to B or LB could also have important 
consequences for patient management—for example, dis-
continuation of intensive screening regimens provided to 
people at high risk of cancer. Patient with VUS who ad-
opted prevention behaviors before reclassification were 
motivated by their personal history of cancer (patient 16, 
19, 21,) significant family history of cancer (patient 20), 
participation in screening research study (patient 17), or 
because they received conflicting interpretation of variant 
from different laboratories (patient 15). We observed no 
instance of LP variant being downgraded to VUS/LB/B in 
this study and LP variants upgraded to P did not require 
change in clinical management.

This study has several strengths, including a large 
multi-institutional sample from geographically dis-
persed cancer care settings and inclusion of VUS 
from all major breast, ovarian, and colorectal cancer 



      |  2883MAKHNOON et al.

susceptibility genes which represents the genes with 
highest clinically utility. However, results from this 
study should be considered in light of several limita-
tions including the oversimplified categorization of race 
in EMRs and thereby our study. More appropriate sub-
categorizations of race (e.g., Asians) were not possible in 
this study due to the source data limitations but should 
be explored in future work. Findings from four cancer 
care settings show variation due to demographic and 
clinical characteristics which may not be generalizable 
to other populations.

4.1  |  Conclusion

In summary, clinically relevant VUS reclassification is 
not a rare event in oncology. Hereditary cancer is cur-
rently the most common application for genetic test-
ing and the high rate of VUS combined with desire 
for accurate VUS reclassification and the significant 
management change that it can result in highlights the 
magnitude of the issue in clinical oncology. Variation 
in reclassification rates across cancer care settings, ra-
cial differences in VUS reclassification experiences, and 
anecdotal delays in recontact upon VUS reclassification 
highlights the need for solutions around VUS reclassifi-
cation and recontact.
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